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Abstract

Background: Clausena anisata belongs to the family Rutaceae, a shrub widely used in West Africa for the treatment of bacterial and fungal infections
of the skin including boils, ringworm and eczema. The study was designed to evaluate the antimicrobial activity and phytochemical screening of
ethanol leaf extract of C. anisata (CLE).

Method: Antimicrobia activity of CLE was investigated using agar well diffusion and micro-dilution methods against four Gram-positive bacteria
(Bacillus substilis NCTC 10073, Staphylococcus aureus ATCC 25923, Enterococcus faecalis ATCC 29212, Bacillus thuringiensis ATCC 13838) and
two Gram-negative bacteria (Pseudomonas aeruginosa ATCC 4853, Proteus vulgaris ATCC 4175) and aclinical isolate of Candida albicans.

Results: CLE was active against al test organisms with minimum inhibitory concentration (MIC), range of 0.5 to 7.0 mg/mL against Gram-positive
bacteria, 2.5 to 1.0 mg/mL against Gram-negative bacteria and 5.5mg/mL against C. albicans. The MICs of the methanol fraction of CLE were 0.6 mg
to 5.0/mL and 1.0 to 3.0 mg/mL for Gram-positive and Gram-negative bacteria respectively. Chloroform fraction had MIC of 3.0 to 7.5 mg/mL and
2.0 to 6.5 mg/mL for Gram-positive and Gram-negative bacteria, respectively and petroleum ether fraction had 4.5 to 8.0 mg/mL for Gram-positive
and Gram-negative bacteria. The CLE exhibited static action against all test organisms within arange of 0.5 to 22.0 mg/mL. Phytochemical screening
of C. anisata revealed the presence of tannins, flavonoids, steroids, saponins, glycosides and akaloids. HPLC finger-printing of the CLE and its
fractions were determined.

Conclusion: These results may justify the medicinal uses of C. anisata for the treatment of microbial infections.

Keywords: Phytochemical screening, antibacterial, antifungal, static action.

I ntroduction

Infectious diseases are major cause of death in tropical countries, accounting for approximately half of all fatalities (Lopez et a., 2006). In

addition, its mortality rates are also increasing in developed countries (Pinner et al., 1996). These negative heath trends are thought to be driven
largely by socio-economic, environmental and ecological factors (Morens et a., 2000; Dassak et al., 2000; Woolhouse, 2008).
As a result of indiscriminate use of antibiotics in the treatment of these infectious diseases, microorganisms have developed resistance to many
antibiotics (Cowan, 1999), and therefore the need to develop aternative antimicrobial agents. Medicinal plants have been shown to have genuine
utility and about 70 to 80% of the rural population in most devel oping countries depends on medicinal plants for their primary health care (Akinyemi,
2005). Medicinal plants have been used as sources of remedies for the treatment of many diseases since ancient times by the people of all continents
especially in thetropical regions.

Clausena anisata (Willd) Hooke, also known as horsewood or ‘maggot killer' belongs to the family Rutaceae. It is a shrub that grows in
forest and Savannah region of West Africaincluding Ghana and Nigeria. It islocally known in local Asante-Twi in Ghana as ‘Ayida’. The leaves are
used for the treatment of malaria (Uwaifo, 1984), worm infections, rheumatism, wounds (Hutchings et a., 1996; Okunade, 1987), skin infections
including boils, ringworm, ora thrush and eczema (Hamza et a., 2006).

Compounds such as coumarins including furanocoumarins, imperatorin, oxypeucedanine and chalepin have been isolated from the root and
stem bark (Chakraborty et al., 1995; Mester et al., 1997). A carbazole alkaloid, clausenol has been isolated from the ethanol extract of the stem bark
and coumarins, limonoids, reducing sugars and alkaloids have been found in the stem bark (Chakraborty et al., 1995), and essential oils including -
pinene and sabinene chemotypes (Senthikumar and Venkatesalu, 2009), have been found in the leaves. The stem bark of C. anisata has been found to
possess antimicrobia property (Chakraborty et al., 1995), anti-parasitic and centra nervous depressant activity (Makanju, 1983), and root and stem
bark exhibiting hypoglycaemic property (Ojewole, 2002). The aims of the study was to evaluate the antimicrobial activity of ethanol leaf extract of C.
anisata and its methanol, chloroform and petroleum ether fractions against some microorganisms and aso perform preliminary phytochemical
screening on the ethanol extract and its fractions of C. anisata.

M aterial and methods
Plant material

The leaves of Clausena anisata were collected from the Physique Garden of Faculty of Pharmacy and Pharmaceutical Sciences, Faculty of
Pharmacy and Pharmaceutical Sciences, Kwame Nkrumah university of Science and Technology, Kumasi, Ghana between October and November,
2010. The plant material was identified by Mr. G.H. Sam of the Department of Herbal Medicine, Kwame Nkrumah University of Science and
Technology, Kumasi, Ghana with the voucher specimen number, KNUST/HML/2012/L 061. All chemicals and reagents were purchased from Sigma-
Aldrich, Deisenhofen, Germany unless otherwise stated.
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Test organisms

Staphylococcus aureus NCTC 10788, Bacillus subtilis NCTC 10073, Pseudomonas aeruginosa ATCC 4853, Proteus vulgaris ATCC 4175,
Bacillus thuringiensis ATCC 13838, Enterococcus faecalis ATCC 29212 were used as test organisms in the determination of antimicrobia activity of
C. anisata extract and its fractions. Clinica isolates of Staphylococcus aureus, Enterococcus faecalis and Candida albicans obtained from the
Bacteriology Unit of Komfo Anokye Teaching Hospital, Kumasi, Ghana and Pseudomonas aeruginosa and Proteus vulgaris were obtained from the
Bacteriology Unit of Kumasi Centre for Collaborative Research (KCCR), Kwame Nkrumah University of Science and Technology, Kumasi, Ghana.

Extraction procedure

The fresh leaves of C. anisata were thoroughly washed with tap water, to remove dirt and soil particles. The plant material was air dried

between 30 to 38°C for 5 days and then powdered using laboratory mill machine (Type 8, Christy and Norris Limited, United Kingdom). Two hundred
(200), grams of powdered leaf material was added to 1000 mL of 70% v/v ethanol and extracted using cold maceration for 72 h. This was
subsequently filtered through Whatman filter paper Grade No. 10 (VWR International, Leuven, France). The filtrate was concentrated using rotary
evaporator (Buchi Labortechnik AG, Germany), under 40°C. The concentrated extract was lyophilized and the yield was determined.
The ethanol extract was subsequently fractionated sequentially with methanol, petroleum ether and chloroform using liquid-liquid separating method.
Twenty (20), grams of the crude extract was dissolved in 100 mL methanol, shaken and sequentialy extracted in non-polar, intermediate and polar
fractions with 200 mL of petroleum ether, 200 mL of chloroform and 150 mL of methanol, respectively. The fractions obtained were concentrated
under vacuum on rotary evaporator and dried below 40°C. The yields for the crude ethanol extract, aqueous, pet ether and ethyl acetate fractions were
8.51, 0.65, 0.55 and 0.64% w/w respectively (rel ated to the dried plant material). The fractions obtained were kept in a desiccator.

Phytochemical screening

Preliminary phytochemical screening was performed on ethanol leaf extract of C. anisata (CLE), to determine the presence of tannins,
flavonoids, anthraguinones, saponins, glycosides, terpenes and akaloids (Wagner and Bladt, 1996; Harborne, 1998; Agyare et a., 2013). The total
tannins content in the dried powdered leaf material was determined according to the method of Glasl, (1983) and Agyare et a. (2013), using
pyrogallol (Merck, Darmstadt, Germany, purity 99.5%, HPL C), as reference compound.

Thin layer chromatography (TLC) of ethanol extract and fractions of C. anisata

The ethanol extract, methanol, petroleum ether and chloroform fractions were analysed on thin layer chromatography (TLC) plate (silica gel
60 Fz4, Merck, Darmstadt, Germany). The extract and fractions (10 mg/mL) were spotted on the TLC and developed in acetone/petroleum ether
(30:70), and observed in day light and under UV light (254 and 365 nm). The TLC plate was sprayed with anisaldehyde reagent and observed under
day light and UV light (365 nm). The retardation factor (Ry) values of the separated spots/bands were determined.

HPLC analysis of ethanol extract and fractions of C. anisata

The HPLC analysis of CLE and its fractions were performed on a Thermo Finnigan HPLC system using Hypersil Gold Cig, reversed-phase
column (150 x 4.6 mm). The concentration of CLE and fractions used for the analysis was 10 mg/mL. The optimum HPLC conditions for the analysis
were: injection volume: 10 pL, detection wavelength: 254 nm, mobile phase: methanol: water/50:50 (isocratic condition, temperature: 22°C, pump
pressure: 28 MPa, flow rate: 1 mL/min and running time: 10 min. The retention times for the various peaks for CLE and its fractions were determined.

Antimicrobial activity

The agar-well diffusion method as described by ver Poorte et d. (1988), was modified for the antimicrobial investigation. Two hundred
micro-litre of 10° cfu/mL of the test organisms was used to seed a 20 mL molten Mueller-Hinton agar (Oxoid, United Kingdom) stabilised at 45°C
and aseptically transferred into sterile petri dish and alowed to set. Four wells equidistant from each other were made with a diameter of 10 mm for
each well. The antimicrobial activity of the extract (CLE), and its fractions was determined at concentrations of 5.0, 15.0, 10.0 and 20.0 mg/mL. One
hundred microliter (100 pL), of each concentration was used to fill each well to three-quarters full and left to stand for 1 hr to allow diffusion of the
extract and its fractions into the seeded agar. The seeded Mueller-Hinton agar were then incubated at 37°C for 24 h. Sabouraud agar (Oxoid, United
Kingdom), was used as a medium for determination of antifungal activity of CLE and its fractions against C. albicans and then incubated at 37°C for
72 hrs. The zones of growth inhibition were recorded. The procedure was repeated three times for each test organism.

Bio-autography assay

Two twenty millilitre of Mueller-Hinton agar and sabouraud agar were melted at 100°C, stabilized at 45°C and seeded with 0.1 mL of S.
aureus and C. albicans (10° cfu/mL), respectively. The seeded gar was then spread in athin film over a developed TLC plate of CLE and its fractions
and then incubated at 37°C for 24 h. After incubation, the plate was sprayed with 2.5 mg/mL thiazolyl blue tetrazolium bromide (MTT reagent).
Bacterial and candidal growths of inhibition by bioactive constituents or bands were observed as a clear yellow zones or spots.

Deter mination of minimal inhibitory concentration (M1C), minimal bactericidal concentration (M BC) and minimum fungicidal concentration
(MFC)

The MIC, MBC and MFC of CLE and its fractions were determined according to the modified method of Greenwood (1989).
Concentrations of 0.4, 0.8, 1.6, 3.2, 6.25, 12.5, 25, 25 and 50 mg/mL), were used. The test organism of 0.1 mL of 10%cfu/mL was transferred into 10
mL test tubes containing the mixture of the broth and different concentrations of CLE or its fractions and then incubated at 37°C for 24 hrs. Two
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hundred micro-litres of 2.5/mL MTT were added to each medium. Bacterial growth inhibition was indicated as yellowish colouration whiles the
presence of purple colour indicated bacterial growth. The MIC was recorded as the least concentration of extract/fraction which completely inhibited
the growth of the test organism. MBC and MFC were determined as the minimum concentration of CLE and its fractions where no growth occurred
when a small part of seeded agar without growth was streaked on nutrient agar (Oxoid, United Kingdom) and sabouraud agar for bacterial test
organisms and C. albicans, respectively and then incubated at 37°C for 24 h.

Deter mination of timekill-kinetics

The modified method of Spangler et a. (1997) was used for the determination of time-kill kinetics of CLE. Double strength nutrient broth (5
mL) (Oxoid, United Kingdom) was used as a culture medium for this determination. The concentration of CLE used for the time kill kinetics against
the selected test organisms was based on the increasing concentration of the MICsi.e.1 x MIC, 2 x MIC, 3 x MIC and 4 x MIC. Viable counts of the
test organisms without the extract were first determined at 18 h. Specific volumes were drawn from freshly prepared stock concentration of 100
mg/mL of the extract (CLE) into the test tubes and sterile water added to make up 10.0 mL of concentration of 5.5, 11.0, 16.5 and 22.0 mg/mL
(against C. albicans). One hundred micro-litre of 10° cfu/mL of the test organism was added to test tubes containing the various concentrations of the
CLE. Thetest tubeswere incubated at 37°C in a thermostatically controlled water bath with the shaker set at 40 shakes per min. Thetime kill kinetics
was determined at 0, 1, 2, 3, 4, 5, 6, 12 and 24 hrs.

Exactly 1.0 mL volume of the reaction mixture was withdrawn at the appropriate time and transferred to 9.0 mL of normal saline to produce
a 10 fold dilution to neutralize the effects of the CLE carry-over from the test suspensions. This was further diluted serially in two other 10 foldsin
sterile normal saline. One millilitre of the fina dilution was aseptically transferred into a stabilised 20 mL molten count plate agar at 45°C, poured
into a petri dish, allowed to set and then incubated (inverted) at 37°C for 24 h. The petri dishes were marked into segments and the col onies counted
with the aid of a colony counter (Gerber Instruments, AG, and Holland). Each experiment was done in triplicate. Plates with 10 to 50 colonies were
selected for counting. A graph of Logl10 of viable count against time was plotted to determine the time-kill kinetics. A control consisting of nutrient
broth and the test organism without CLE was used as control in each experiment. The above procedure was repeated for the C. albicans with time
intervals of 0, 6, 12, 24, 30, 36, 48, 54 and 72 h.

Results
Antimicrobial activity of ethanol and the different solvent fractions against test organisms

The different fractions showed comparatively varying degrees of activity against the test organisms. The methanol and chloroform fractions
showed significant activity compared to the petroleum ether fraction (p<0.05) at a concentrations of 20 mg/mL against E. faecalisand S. aureus. The

Table 1: Antimicrobia activity of ethanol leaf extract of C. anisata and its fractions against test organisms. The mean zones of growth inhibition were
determined from three independent determinations (n= 3) for all test organisms. nd: not determined, SEM: standard error mean. *p<0.05 compared to
antimicrobia activity of pet ether fraction.

Test organisms Concentration M ean zonesof growth inhibition + SEM
(mg/mL) Ethanol Petroleum ether Chloroform M ethanol
20.0 21.3+033 17.3+0.33 21.0+0.58* 24,0 +£ 0.58*
E. faecalis 15.0 20.0+£0.58 16.3+0.67 19.0£0.33 220+0.88
10.0 17.4+0.33 14.3+0.34 17.3+0.66 19.3+0.33
5.0 158+ 0.33 11.7+0.33 14.3+0.67 16.6 + 0.67
20.0 20.0+0.0 13.3+0.33 14.0+0.58 18.7 £ 0.33*
B .subtilis 15.0 175+ 0.33 11.3+0.33 13.3+057 16.6+0.33
10.0 16.7+0.33 0.0 11.3+£0.33 143+0.33
5.0 13.0+0.0 0.0 11.0+0.0 11.3+0.0
20.0 19.1+0.58 16.7+0.88 15.3+ 0.33 18.3+0.33*
P. aeruginosa 15.0 17.8+ 0.68 12.7+0.33 13.7+£0.33 16.3+0.33
10.0 16.0+ 0.58 11.3+0.33 12.3+0.33 13.3+0.33
5.0 14.3+0.33 0.0 11.3+0.33 11.7+0.33
20.0 20.8+0.33 17.3+0.33 20.3+0.33* 204 £ 0.57*
S aureus 15.0 18.3+0.33 15.7+0.33 17.1+£0.33 17.3+0.33
10.0 16.7 + 0.67 14.3+0.33 15.3+0.33 15.7+0.33
5.0 14.0+ 0.58 11.7+0.33 12.7+£0.33 136+0.34
20.0 18.0+ 0.58 16.6+0.31 170+ 057 22.6+0.11*
P. wlgaris 15.0 16.3+0.33 14.3+0.33 14.7+0.33 19.3+0.33
10.0 150+ 0.0 133+011 135+057 17.3+0.33
5.0 13.0+ 0.58 12.7+0.33 13.3+0.33 13.1+011
B. thuringiensis 20.0 18.7+0.33 12.7+0.33 13.7+£0.67 16.0 + 0.58*
15.0 17.0+0.0 11.0+00 12.6+0.67 14.7+0.33
10.0 14.7+0.33 0.0 11.3+0.33 123+0.33
5.0 13.0+ 0.58 0.0 0.0 11.0+0.0
20.0 20.3+£0.33 15.3+0.33 151+031 156+0.33
C. albicans 15.0 19.0+0.0 13.0+ 058 12.7+0.33 13.3+0.33
10.0 17.0+0.0 0.0 11.3+£0.33 11.7+0.33

5.0 153+0.33 0.0 11.0+0.0 10.6+0.0
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Methanol fraction showed significant activity compared to chloroform and petroleum ether fractions (p<0.05) at 20 mg/mL against all test organisms

except C. albicans. Though the ethanol extract exhibited a broad spectrum of activity, it was more active against the Gram-positive bacteria than
Gram-negative bacteria within the different concentrations used (Table 1).

Phytochemical screening of ethanol leaf extract of C. anisata

Phytochemical screening of ethanol leaf extract of C. anisata revealed the presence of tannins, alkaloids, steroids, saponins, phenolics,
flavonoids, cardiac glycosides and anthraquinones glycosides. Terpenes were not detected. The tannin content was 1.48% w/w (related to the dried
leaf materia).

HPLC of C. anisata ethanol leaf extract and fractions

The HPLC chromatograms of ethanol leaf extract (CLE) and its fractions were used as finger-printing for the identification of major

constituents (peaks) and quality control purposes. The chromatograms showed different peaks of compounds for ethanol extract and its fractions
within 10 min retention time (Figure 2 to 5).
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Figure 2: HPLC chromatogram of the ethanol leaf extract (CLE) at £ 254 nm.
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Figue 3: HPLC chromatogram of the methanol fraction of the CLE at A 254 nm.
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Figure 4: HPLC chromatogram of the chloroform fraction of CLE at £ 254 nm.
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Figure5: HPLC chromatogram of the petroleum ether fraction CLE at £ 254 nm.

Thin layer chromatography (TLC) of ethanol leaf extract of .C anisata and fractions

10

204

Thin layer chromatography of the ethanol leaf extract and its fractions revealed various bands (indicating different constituents’compounds)
under UV light (254 and 365nm). The pet ether, chloroform and methanol fractions revealed a number of characteristics bands which could be used in
the identification of the extracts or the plant materia (Fig. 6). The bands (compounds) showing characteristic blue fluorescence at 365 nm with Ry of
values 0.83 and 0.24) were found to be present in the ethanol extract and the various fractions could be used as preliminary identification of the C.
anisata leaf extract and its fractions.

Table 2: Mean zones of growth inhibition of ethanol leaf extract of C. anisata against test organisms

Concentration

M ean zones of inhibition (mm) + SEM

P.aeruginosa P.wulgaris B.thuringiensis E. B. subtilis C. albicans
of extract aureus  faecalis
(mg/mL)
20.0 19.00 18.00 18.67 20.67 21.33 20.00 20.33
+0.58 +0.58 +0.33 +0.33 +0.33 +0.00 +0.33
15.0 17.67 16.33 17.00 18.33 20.00 17.33 19.00
+0.68 +0.33 +0.00 +0.33 +0.58 +0.33 +0.00
10.0 16.00 15.00 14.67 16.00 17.33 16.33 17.00
+0.58 +0.00 +0.33 +0.00 +0.33 +0.33 +0.00
5.0 14.33 13.00 13.00 14.00 15.33 13.00 15.33
+0.33 +0.58 +0.58 +0.58 +0.33 +0.00 +0.33
Ciprofloxacin 20.50 21.80 24.50 23.50 25.60 19.10 nd
(0.002) +0.67 +0.68 +0.33 +0.33 +0.58 +0.11
Ketoconazole nd nd nd nd nd nd 30.00
(0.002) +0.11

The mean zones of growth inhibition was determined from three independent result (n= 3) for all test organisms.
nd: not determined, SEM: standard error mean.
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Figure 6: The TLC chromatogram of ethanol extract and fractions. Thin layer chromatogram of crude ethanol extract (CR), methanol (M), petroleum
ether (P) and chloroform (C) fractions visuaised under UV (254 and 365nm), day light and sprayed with anisaldehyde reagent. Six (6) prominent
bands were revealed under the UV light of the ethanol crude extract. The petroleum ether, chloroform, and methanol fractions showed 6, 5 and 3 spots
respectively under the same condition. Thisis due to the maximum absorbance of the compound.

Bio-autography

The active constituents/compounds from the developed TLC of ethanol leaf extract of C .anisata and its fractions exhibited zones of growth
inhibition against S. aureus and C. albicans. The appearance of yellow spots indicate inhibition of growth of the test organisms, S. aureus (Fig. 7A)
and C. albicans (Fig. 7B), respectively.

Figure 7: Bio-autography of ethnol extract and fractions of C. anisata. The bio-autography showed zones of growth inhibition against S. aureus (A)
and C. albicans (B). The zones of bacteria growth inhibition were visible as yellow clear areas against purple background after spraying with MTT.
Crude ethanol leaf extracts (CR), methanol (M), petroleum ether (P) and chloroform (C) fractions.
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Antimicrobial activity of ethanol extract by agar diffusion method

The ethanol leaf extract exhibited a broad spectrum of activity against the test organisms. It was more active against the Gram-positive
bacteria than Gram-negative bacteriafor both typed and clinical strains at al the different concentrations (Table 2).

Antimicrobial activity of the different fractions of ethanol leaf extract of C. anisata

The different fractions of CLE showed comparatively varying degrees of activity against the test organisms. The methanol and chloroform
fraction showed a higher activity than petroleum ether fraction at the concentrations of 20 mg/mL against E. faecalis (EF), and S. aureus (SA). The
methanol fraction exhibited higher activity than chloroform and petroleum ether fractions at 20 mg/mL against the test organisms except C. albicans

(Fig. 8).
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Figure 8: Mean zones of inhibition of different fractions (20mg/ml) of ethanol leaf extract of C. anisata . The mean zones of growth inhibition was
determined from three independent result (n=3) for all test organisms. Test organisms: E. faecalis (EF), B. subtilis (BS), S. aureus (SA) P. aeruginosa
(PA), P. vulgaris (PV), B. thurigiensis (BT) and C. albicans (CA).

Minimum I nhibitory Concentration and Minimum Bactericidal Concentrations (MICsMBCs) of the ethanol extract and fractions

The ethanol leaf extract of C. anisata gave different MICs and MBCs against the test organisms. There were relatively lower MICs for
Gram-positive bacteria compared with the Gram—negative bacteria with the ethanol extract exhibited highest activity against the Gram-positive
bacteria (Table 3). The methanol fraction showed highest activity against the test organisms as compared with chloroform and petroleum fractions
based on the MICs (Table 4).

Table 3: MICs and MBCs of the ethanol extract by broth macro-dilution technique

Test Organisms Ethanol Extract Ciprofloxacin K etoconazole
MIC (mg/mL) MBC (mg/mL) MIC (ug/mL) MIC (ug/mL)
E. faecalis 45 19.0 25.0 nd
B. subtilis 0.5 4.0 20.0 nd
S aureus 0.9 15.0 20.0 nd
P. aeruginosa 25 11.0 40.0 nd
P. wulgaris 1.0 14.0 25.0 nd
B. thuringiensis 15 17.0 30.0 nd
C. albicans 55 275 Nd 25

nd: not determined
Table 4: MIC of fractions of ethanol leaf extract of C. anisata

Test Organisms MIC (mg/mL)
M ethanol fraction Chloroform fraction Pet ether fraction

E. faecalis 2.0 6.5 8.0
B. subtilis 0.6 3.0 45
S aureus 15 3.0 4.5
P. aeruginosa 20 45 4.0
P. wulgaris 1.0 2.0 25
B. thuringiensis 5.0 75 6.5

C. albicans 5.0 7.0 10.0
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TimeKkill kinetics

The time-kill kinetics studies conducted showed bacteriostatic and fungi-static activities at the different concentrations of the ethanol
extracts against al the test bacteriaand C. albicans, respectively (Figures 9 to 11).
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Figure9: Surviva of E. faecalisin extract at different concentrations of C. anisata within 24 h. Control: Broth culture of E. faecalis without the
extract.
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extract.

Discussion

Traditional medical practitioners use a variety of herbal preparations for either the trestment or management of different kinds of microbia
infections. The leaves of C. anisata is one of such plants used by the traditional healers for the treatment or management of various skin infections,
ulcers, sores and other microbial infections (Hamza et a., 2006).

The ethanol leaf extract and its fractions showed varying degrees of antimicrobial activities against the test organisms with ethanol leaf
extract exhibited the highest activity at the same concentration (Figure 8). Plant extracts from organic solvents have been reported to give more
consistent antimicrobial activity compared to water extract (Parekh et al., 2005). Hence ethanol could be a better solvent for bioactive constituents of
leaves of C. anisata. The antimicrobial activity exhibited by CLE and its fractions may justify the use of the leaf of the plant for the treatment and
management of infectious diseases by the traditiona hedlers.

Preliminary phytochemical screening of ethanol leaf extract of C. anisata showed the presence of tannins, saponins, flavonoids, steroids,
phenolics, anthraguinonnes, glycosides, cardiac glycosides and aka oids. Phytochemical constituents such as flavonoids have been found in vitro to be
effective against a wide range of microorganisms (Harborne, 1993; Owoyele et al., 2008). Tannins and saponins have been reported to prevent the
growth of microorganisms by precipitating microbial protein and making nutritional proteins unavailable for them (Sodipo et a., 1991; Panda and
Tripathy, 2009). Studies have aso shown that the growth of many fungi, bacteria and viruses are inhibited by tannins (Chung et a., 1998; Panda and
Tripathy, 2009) and the presence of flavonoids, tannins and saponins in the ethanol leaf extract could therefore be responsible for the antimicrobial
properties of the C. anisata.

The presence of flavonoids was confirmed on the TLC chromatogram by the characteristic yellow fluorescence bands at 365nm in the pet
ether, chloroform and methanol fractions on the TLC. The inhibition of growth on bio-autography TLC plates by the ethanol extract and fractions
against the S. aureus and C. albicans indicates that antimicrobia constituents or principles are present in both non-polar and polar solvents (Figure 7).
The HPLC of ethanol extract and its fractions revealed a number of characteristics peaks (constituents) which could be used in the identification of the
plant material.

There was no significant difference in the antimicrobial activity of the petroleum ether and chloroform fractions. However, there was
significant difference between the activity of the methanol fraction exhibiting the highest activity than the petroleum ether and chloroform fractions at
the concentration of 20 mg/mL against the test organisms. The ethanol leaf extract gave MIC range of 0.5 to 5.5 mg/mL against test organisms.
Senthilkumar and Venkatesalu (2009) reported that the essential oil extracted from the leaves of C. anisata had MIC of 0.250 to 0.125 mg/mL against
similar test organisms except C. albicans.

The time kill kinetics of the C. anisata ethanol extracts against test organisms gave variable effect among the test organisms (Figures 9 to
11). The extracts exhibited static activity and therefore the time kill kinetics was observed as the reduction of the number of cells of the test organisms
by the inhibitory effect of the ethanol leaf extract of C. anisata. There was a high reduction for E. faecalis from 12 to 24 h by CLE at the concentration
of 18.0 mg/mL (Figure 9). Further isolation, purification and structural elucidation of the bioactive compounds responsible for the antimicrobial
activity of ethanol leaf extract of C. anisata would be carried out.

Conclusion

The ethanol leaf extract of C. anisata and its fractions exhibited antimicrobia activity with static action against all test organisms with MIC
range of 0.5 to 10.0 mg/mL. Phytochemical screening of ethanol leaf extract of C. anisata reveaed the presence of tannins, akaloids, steroids,
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saponins, phenalics, flavonoids, cardiac glycosides and anthraguinones glycosides. HPLC finger-printing of the ethanol leaf extract and the various
fractions were developed. The individua or the additive or synergistic effects of the phytochemical constituents present in the C. anisata leaf extract
may be responsible for antibacterial and antifungal properties and may justify use of the plant for treatment of microbial infections.
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